A method is presented which allows estimation of the variation of the rate of magnetic reconnection at the dayside magnetopause. This is achieved using observations of the cusp particle precipitation made by low-altitude polar-orbiting spacecraft. In this paper we apply the technique to a previously published example of a cusp intersection by the DMSP F7 satellite. It is shown that the cusp signature in this case was produced by three separate bursts of reconnection which were of the order of 10 min apart, each lasting roughly 1 min. This is similar to the variation of reconnection rate which is required to explain typical flux transfer event signatures at the magnetopause.
INTRODUCTION
In this paper we discuss the implications of the dispersion of the precipitating magnetosheathlike ions in the region termed the "cusp." In particular, we investigate the rate of reconnection at the dayside magnetopause and the "pulsating cusp" concept of Smith and Lockwood [1990] . By considering a pass of the DE 2 satellite, Lockwood and Smith [1989] concluded that the cusp particle precipitation observed was consistent with the ionospheric signature of a burst of reconnection at the dayside magnetopause. Such reconnection bursts had long been invoked as a cause of transient particle and field signatures near the dayside magnetopause, which were therefore termed "flux transfer events" (FTEs) Elphic, 1978, 1979 The suggestion of Lockwood and Smith [1989] was based on the convective flows, inferred filamentary field-aligned currents, and precipitating ion and electron characteristics. Newell [1990] objected that the extended longitudinal width of the cusp occurrence (covering several hours of MLT) was not consistent with the cusp being a nearly circular signature of a flux transfer event, as predicted by Southwood [1985 Southwood [ , 1987 for the Elphic [1978, 1979] pointed out that the reconnection rate variations thought to be responsible for magnetopause FTEs should also cause the cusp to vary on time scales of about 2-20 min. This "pulsating cusp" model is a general one, reducing to a steady state cusp in the one limit of constant magnetopause reconnection rate, while predicting the cusp to be a series of discrete events in the other limit of reconnection which occurs entirely in a series of bursts. Cowley et al. [1991b] and Smith et al. [1992] have pointed out the importance to the pulsating cusp concept of recent empirical and theoretical work on how ionospheric flow is excited by dayside reconnection. The observations in question were of the rapid response of dayside flows to the north/south component of the interplanetary magnetic field (IMF) immediately upstream from the magnetopause, in particular, those using the European Incoherent Scatter (EISCAT) radar with the AMPTE (Active Magnetospheric Particle Tracer Explorers) UKS and IRM satellites [Lockwood et al., 1990a; Cowley and Lockwood, 1992] . In particular, the important inference for the pulsating cusp concept is that flows are excited in the ionosphere by a burst of magnetopause reconnection, such that for moderate and small IMF By, the patch of newly opened magnetic flux produced by a subsequent burst will lie immediately equatorward of the patch produced by the first burst. In other words, the patches of newly opened flux produced by successive bursts of reconnection are spatially contiguous.
A slightly different situation would apply to large By condi-tions, where the new patch would form at a different MLT from the location of the older one but would then move zonally under magnetic tension to join it. Cowley et al. and Smith et al. also point out that the ion precipitation characteristics would differ in the patches, depending on the time elapsed since they were reconnected. This would result in a discontinuous change in the ion energy at the boundary between the patches. Indeed, in the "discrete event" limit of the pulsating cusp model, the changes in energy are instantaneous. In cases where the reconnection rate variations are superposed on a background level, the ion energy changes at the boundaries are more gradual, but still more rapid than those within each patch (which result from the nonzero time taken to reconnect each patch).
Independent of these theoretical predictions, Newell and Meng 
where m is the ion mass and vii is its field-aligned velocity.
We note that particles having very close to, but not exactly, zero pitch angle at great altitudes may still reach the satellite, where they would have larger pitch angles. Such ions will have a slightly higher energy, for the same time of flight, than the zero pitch angle ions we consider. Hence such ions are not relevant if we consider the minimum ion energy observed by the satellite. Reiff et al. [1977] deduced that cusp particle precipitation was predominantly on "newly opened" field lines at the sunward edge of the polar cap. The evidence from magnetopause observations for southward IMF is that reconnection always takes place at low latitudes. This follows both Using equation (8), we also discuss the implications for the reconnection rate for a given mapping factor (dy/dy'). Lastly, one should note that the method inherently assumes that the same ion spectrum is injected onto each newly opened field line as it evolves over the dayside magnetopause, There are a number of reasons why this may not always be the case. For example, solar wind parameters may vary and may cause the magnetosheath ion populations to change. In addition, changes in the IMF orientation may alter the degree of acceleration of the ions as they cross the dayside magnetopause.
Hence we note that variations in the reconnection rate are not the only way to induce ion energy changes in the cusP. cutoff. In this section we take E ic to be the lower decile of the distribution of ion energy flux (i.e., where ion energy flux falls below 10% of its peak value as determined from the spectrogram) at any one observation time, ts. This choice is somewhat arbitrary and is made to allow determination of E ic from the spectrogram for as great a range of t s as possible. A more rigorous determination of E ic would require a full analysis of the scattering mechanisms. We also note that the lower cutoff appears less well defined in the cusp spectrograms (which show contours of energy flux) than in contours of phase space density (energy flux divided by the square of the energy), which is the more relevant to these time-of-flight considerations. Analysis reveals that adoption of other definitions for E ic does not significantly alter the results obtained. Figure 2 . The two jumps seen in the spectrum as a whole can also be clearly seen in this plot, marked by the two arrows. From Figure 2 we can estimate and dEic/dts. For simplicity, the angle a is taken to be zero (e.g., the satellite moves north across an east-west-aligned merging gap). We will consider other values for a later. Figure 2 . For each point an error bar has been estimated by considering the possible error in dEic/dts. it will be noted that there are three peaks in Ey but that the value at each is 290 mV m -I. This is because dEic/dts at these times is zero (to within the accuracy with which the spectrogram can be read). At such times the uncertainty of dEic/dt s is such that the denominator of equation (7) could be zero, which would give a infinite Ey. Hence at the peaks of Ey the accuracy available to us effectively only allows determination of a minimum electric field. However, in each of the bursts the minimum electric field is considerably greater (by a factor of about 100) than the maximum value between the bursts. Note that because few estimates of the cutoff energy and its time derivative can be made during the jumps, the number of data points is low in the minima of the electric field (which produced the jumps). 
For this definition the variation of the lower cutoff ion energy, Eic, is shown in

Figure 3 shows values of Ey for d' •-30 RE as a function of t o (and hence UT). The dots are the values given by the Eic variation plotted in
CONCLUSIONS
A method for determining the variation of the electric field in the ionospheric merging gap (in its own rest frame) from cusp ion precipitation characteristics has been described. The orientation of the merging gap relative to the satellite orbit must be assumed, but if this is constant the electric field values derived simply vary as the sine of the angle between them. In addition, a value for the "virtual injection distance," d', is required. This will be approximately the same as the distance between the reconnection X line and the satellite. The chief effects of d' are to change the time at which a reconnection burst is predicted to occur and to alter the interval between features in the electric field variation.
If information about the longitudinal extent of the merging gap in the ionosphere can be obtained, then the voltage across the merging gap (which by definition equals the voltage along the magnetopause X line) can be estimated. This assumes that the electric field along the merging gap is constant. The merging gap extent could be determined by ground-based radar and optical measurements of the transient events which would result from the variations in the reconnection rate. Alternatively, if the geometrical field line mapping factor from the magnetopause X line to the merging gap can be estimated, then the magnetopause reconnection rate can be computed.
The method reveals very large variations in the merging gap electric field for a satellite pass which shows major jumps in the ion dispersion characteristics. The reconnection is found to occur almost exclusively in bursts about 1 min long and which repeat on time scales of the order of 10 min. However, the precise value of these durations and intervals is dependent on the assumed value for d'. This behavior is exactly that required to explain typical magnetopause flux transfer event signatures.
The chief uncertainty in the method lies in the definition of the lower cutoff energy and hence in its time derivative. Often this results in the method only defining a lower limit for the merging gap electric field when it is very large.
However, small electric field values are determined with high accuracy. Higher-resolution measurements of the ion energy dispersion characteristics would allow this uncertainty to be reduced considerably.
If we assume a typical merging gap extent of 1500 km for the one event studied here, consistent with the statistical cusp width and the size of the dayside auroral and flow transients, we find that the average dayside reconnection voltage is about 60 kV but that almost 90% of this is contributed by the bursts of reconnection during which the reconnection voltage rises to over 400 kV. The magnetopause electric field would then be about 8 mV m-• during the bursts. Taking the absolute minimum values defined by the technique, these voltages and electric fields are all reduced by a factor of about 6. Hence, even if we take the minimum values for the reconnection rate during the bursts shown in Figures 3 and 4 , the results are surprising.
Lastly, the question arises as to how common are the reconnection rate pulses which are inferred in this paper (for just one satellite pass). This requires a full survey of a large amount of cusp data, using the method described in this paper. However, the problem is complex, and a simple statistical survey of the occurrence of ion energy jumps, of the kind described here, must take these complexities into account. For example, Smith et al. [1992] have recently used a simple model to study the probability of observing the jumps in the ion spectrogram, in the presence of discrete reconnection events recurring every 8 min (the average repetition rate of FTEs). These authors point out that the probability of observing a jump is greatly reduced by the presence of a large By component of the IMF, giving a tension force which moves events either east or west.
Furthermore, many of the jumps will be smaller than in the example studied here and hence harder to detect.
Measurement of the reconnection electric field along the X line on the dayside magnetopause (in its own rest frame) or along the dayside ionospheric merging gap has been an important but elusive goal for many years. The method presented here provides a novel way of studying the variation of these electric fields. The results indicate that reconnection can take place in a series of bursts, exactly as required to explain magnetopause flux transfer events.
